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ABSTRACT 
Lantana camara, the widely studied species, and L. montevidensis, the less studied species of the genus Lantana 
are both used in traditional medicine for the same purpose (anti-asthma, anti-ulcer, anti-tumor, etc). However, little 
is known about the toxicity of L. montevidensis and there is limited information on its chemical constituents. Here, 
we investigated for the first time the genotoxicity and cytotoxicity of the ethanolic (EtOH) and aqueous extracts 
from the leaves of Lantana montevidensis in human leukocytes, as well as their possible interaction with human 
erythrocyte membranes in vitro. The antioxidant activities of both extracts were also investigated in chemical and 
biological models. Treatment of leukocytes with EtOH or aqueous extracts (1-480 µg/mL) did not affect DNA 
damage index, but promoted cytotoxicity at higher concentrations (240-480 µg/mL). Both extracts did not modify 
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the osmotic fragility of human erythrocytes. The extracts scavenged DPPH radical and prevented Fe2+-induced 
lipid peroxidation in rat’s brain and liver homogenates, and this was likely not attributed to Fe (II) chelation. The 
HPLC analysis of the extracts showed different amounts of polyphenolic compounds (isoquercitrin, gallic acid, 
catechin, ellagic acid, apigenin, kaempferol, caffeic acid, rutin, quercitrin, quercetin, chlorogenic acid, luteolin) 
that may have contributed to these effects. These results supported information on the functional use of L. mon-
tevidensis in folk medicine.  
 
Keywords: Lantana montevidensis, genotoxicity, cytotoxicity, osmotic fragility, HPLC-DAD 
 
 
 
INTRODUCTION 
Plants with therapeutic actions have been 
used by rural communities and even urban 
population in the treatment of several dis-
eases, and their beneficial effects have been 
attributed to their chemical constituents. This 
is at least in part, because their chemical con-
stituents may have antioxidant activity, 
thereby, preventing the oxidative damage re-
sulting from oxidative stress, which has been 
implicated in many diseases including stroke, 
cancer and other neurodegenerative diseases 
(Uttara et al., 2009; Visconti and Grieco 
2009; Rodrigo et al., 2013; Kamdem et al., 
2016).  
The genus Lantana is composed of about 
150 species (Ghisalbert, 2000) in which L. ca-
mara and L. montevidensis are represented. 
The two species are very similar from a bo-
tanical point of view and are used in popular 
medicine as carminative, antispasmodic, anti-
emetic and to treat respiratory infections, 
rheumatism, wounds, asthma, biliary fever, 
bronchitis, tumor, ulcers, high blood pressure, 
among others (Barreto et al., 2010; Kalita et 
al., 2012).  
Although, L. camara is well studied for its 
pharmacological properties (Kalita et al., 
2012), it is recognized so far among the most 
toxic plants (Ghisalbert, 2000; Kalita et al., 
2012). Its toxic effects to human and livestock 
has been reported in Australia, India, New 
Zealand, South Africa and America, and were 
attributed to the presence of lantadenes A, B 
and D (Kalita et al., 2012). In addition, the es-
sential oil obtained from the leaves of L. ca-
mara was recently found to be toxic to 
NCTC929 fibroblasts (Barros et al., 2016). 
L. montevidensis (Family, Verbenaceae), 
popularly known as “camará” or “cambará”, 
is a sprawling shrub native to Brazil and Uru-
guay. It is considered an invasive species in 
many parts of the world where it has been in-
troduced as an ornamental plant (Taylor, 
2015). The dried leaves of L. montevidensis 
prepared in different ways (infusion, macera-
tion, decoction), and its essential oil have 
been traditionally used for the same purposes 
like L. camara (Hashimoto, 1996). In opposi-
tion to the widely studied L. camara, very few 
studies have demonstrated the pharmacologi-
cal potential of L. montevidensis. Extracts and 
essential oil from the leaves of L. monteviden-
sis have been reported to exhibit antibacterial 
activity with the potential to modulate antibi-
otics drugs used in clinical infections (Barreto 
et al., 2010; Sousa et al., 2013). In addition, 
methanolic extract of the leaves showed anti-
inflammatory, anti-pyretic, analgesic, antiox-
idant and antibacterial activities (Sousa et al., 
2015). Phytochemical studies revealed that 
the flavonoid fraction from the leaves of L. 
montevidensis exhibits antiproliferative activ-
ity against human gastric adenocarcinoma, 
human uterine carcinoma and murine mela-
noma cell lines (Nagão et al., 2002). Triterpe-
noids and flavones are likely to be the major 
components of L. montevidensis leaves ex-
tracts (Makboul et al., 2013), while β-caryo-
phyllene, germacrene and bicyclogermacrene 
are the main constituents of its essential oil 
(Sousa et al., 2013).  
Considering the lack of information in the 
literature regarding the biological activities of 
L. montevidensis, and its chemical composit-
ion, the present study aimed to chemically 
characterize the aqueous and ethanolic ex-
tracts from the leaves of L. montevidensis, 
evaluate their bioactive properties. Their po-
tential antioxidant (DPPH, TBARS, and Fe2+ 
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chelation) activities, toxic effects (genotoxi-
city and cytotoxicity), as well as the influence 
on osmotic fragility were also investigated in 
human leukocytes and erythrocytes respec-
tively. 
 
MATERIALS AND METHODS 
Chemicals 
All chemicals were of analytical grade. 
Acetonitrile, phosphoric acid, gallic acid, caf-
feic acid, ellagic acid, chlorogenic acid and 
catechin were purchased from Merck (Darm-
stadt, Germany). Quercetin, quercitrin, 
isoquercitrin, kaempferol, luteolin, apigenin 
and rutin were acquired from Sigma Chemical 
Co. (St. Louis, MO, USA). High performance 
liquid chromatography (HPLC-DAD) was 
performed with a Shimadzu Prominence Auto 
Sampler (SIL-20A) HPLC system (Shi-
madzu, Kyoto, Japan), equipped with Shi-
madzu LC-20AT reciprocating pumps con-
nected to a DGU 20A5 degasser with a CBM 
20A integrator, SPD-M20A diode array de-
tector and LC solution 1.22 SP1 software. 1,1-
diphenyl-2-picrylhydrazyl (DPPH), ascorbic 
acid, malonaldehydebis-(dimethylacetal) 
(MDA), thiobarbituric acid (TBA), sodium 
azide and hydrogen peroxide (H2O2) were ob-
tained from Sigma Chemical Co. (St. Louis, 
MO, USA). 
 
Plant material  
The leaves of Lantana montevidensis 
were collected in Padre Cicero, Crato - Ceara 
(7◦ 22´S; 39◦ 28´W, 492 m above sea level), 
Brazil. The plant material was identified and 
the specimen deposited in the Herbarium 
Caririense Dárdano de Andrade - Lima, Re-
gional University of Cariri (URCA), with 
voucher number 7519. The aqueous extract of 
L. montevidensis was prepared by crushing 
300 g of fresh leaves, mixed with 2 L of hot 
water and the mixture was allowed to stand 
for 3 days. While the ethanolic extract (EtOH) 
was prepared by crushing 300 g of fresh 
leaves and macerating in 1.5 L of 92 % etha-
nol, this was also allowed to stand for 3 days. 
On the 3rd day, the mixture was filtered and 
the filtrate evaporated under reduced pressure 
and lyophilized to obtain a dark brown solid. 
The prepared extracts (aqueous and ethanolic) 
were stored in the freezer until being used.  
 
Characterization of aqueous and ethanolic 
extracts from the leaves of L. montevidensis 
by HPLC-DAD 
Reverse phase chromatographic analysis 
was carried out under gradient conditions us-
ing Phenomenex C18 column (4.6 mm x 250 
mm) packed with 5 μm diameter particles; the 
mobile phase was: (A) acetonitrile: water 
(95:5, v/v) and (B) water: phosphoric acid 
(98:2, v/v), and the composition gradient was: 
5 % of B until 10 min and changed to obtain 
20 %, 40 %, 60 %, 70 % and 100 % B at 20, 
30, 40, 50 and 60 min, respectively, following 
the method described by Colpo et al. (2014) 
with slight modifications. The ethanolic and 
aqueous extracts from the leaves of L. mon-
tevidensis and the mobile phase were filtered 
through 0.45 μm membrane filter (Millipore) 
and then degassed by ultrasonic bath prior to 
use. The extracts (ethanolic and aqueous) of 
L. montevidensis were analyzed at 30 mg/mL. 
The flow rate was 0.6 mL/min and the injec-
tion volume was 50 μL. Stock solutions of 
standard references were prepared in the 
HPLC mobile phase at a concentration range 
of 0.025 – 0.400 mg/mL for catechin, querce-
tin, quercitrin, isoquercitrin, kaempferol, lute-
olin, apigenin and rutin; and 0.030 – 
0.250 mg/ml for gallic, chlorogenic, ellagic 
and caffeic acids. Quantification of these 
compounds was carried out by integration of 
the peaks using the external standard method, 
at 270 nm for gallic and ellagic acids, 280 nm 
for catechin, 327 nm for chlorogenic and caf-
feic acids, and 365 for quercetin, quercitrin, 
isoquercitrin, kaempferol, apigenin, luteolin 
and rutin. The chromatography peaks were 
confirmed by comparing its retention time 
with those of reference standards and by DAD 
spectra (200 to 600 nm). The calibration 
curve for the standards used is presented in 
Table 1. Limit of detection (LOD) and limit 
of quantification (LOQ) were calculated 
based on the standard deviation of the re-
sponses and the slope using three independent 
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analytical curves. LOD and LOQ were calcu-
lated as 3.3 and 10 σ/S, respectively, where σ 
is the standard deviation of the response and 
S is the slope of the calibration curve. 
 
Antioxidant activity in chemical and biolog-
ical models 
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radi-
cal scavenging activity 
The antioxidant activity was determined 
by the ability of the aqueous and ethanolic ex-
tracts from the leaves of L. montevidensis to 
scavenge the DPPH radical, as described by 
Kamdem et al. (2012) with some modifica-
tions. Briefly, 50 µL of ethanolic and aqueous 
extracts in different concentrations (1-
480 µg/mL) were mixed with 100µL of 
freshly prepared DPPH solution (0.3 mM in 
ethanol). The plate was kept in the dark at 
room temperature for 30 min. The reduction 
of DPPH color was measured by monitoring 
the decrease in absorption at 517 nm using a 
microplate reader (SpectraMax, USA). 
Ascorbic acid was used as positive control. 
The percent DPPH inhibition was calculated 
as follows: 
% inhibition = 100 - [100 (Asample – 
Ablank)/Acontrol], where Asample is the absorb-
ance of the tested sample with DPPH; Ablank, 
the absorbance of the test tube without the ad-
dition of DPPH and Acontrol is the absorbance 
of DPPH solution. 
Fe2+ chelating activity of the extracts  
The Fe2+ chelating activity of the etha-
nolic and aqueous extracts from the leaves of 
L. montevidensis was determined using a 
modified method of Kamdem et al. (2013). 
The reaction mixture containing 58 µL of sa-
line solution (0.9 %, w/v), 45 µL Tris-HCl 
(0.1 M, pH, 7.5), 27 µL of extracts (1-60 
µg/mL) and 36 µL of 110 µM FeSO4 was in-
cubated for 10 min at 37 °C. Subsequently, 
34 µL of 1,10-phenanthroline (0.25 %, w/v) 
was added and the absorbance of the orange 
coloured complex formed was measured at 0, 
10 and 20 min at 510 nm (against blank solu-
tions of the samples) using microplate reader 
(SpectraMax, USA). The same procedure was 
performed for the control (i.e., Fe2+, without 
the extract). To ascertain the chelating poten-
tial of the extracts, we determined the poten-
tial reduction of any Fe3+ (that might be 
formed during the incubation periods) by add-
ing the reducing agent, ascorbic acid (to give 
a final concentration of 5 mM) to the reaction 
 
 
Table 1: Calibration curve of the standards used in the analysis 
Standard Retention time  
(Rt, min) 
Calibration 
Equation 
Correlation  
coefficient (r2) 
Gallic acid Rt = 10.05 Y = 13062x + 1238.9  0.9995 
Catechin Rt = 15.72 Y = 12594x + 1195.7 0.9999 
Chlorogenic acid Rt = 22.46 Y = 13584x + 1309.6 0.9997 
Caffeic acid Rt = 25.13 Y = 11893x + 1270.4 0.9999 
Ellagic acid Rt = 32.09 Y = 12537x + 1179.5 0.9996 
Rutin Rt = 39.87 Y = 13015x + 1328.7 0.9995 
Quercitrin Rt = 44.76 Y = 11854x + 1371.9 0.9998 
Isoquercitrin Rt = 45.61 Y = 13476x + 1189.3 0.9994 
Quercetin Rt = 49.97 Y = 12065x + 1249.5 0.9997 
Kaempferol Rt = 55.02 Y = 11968x + 1251.3 0.9999 
Luteolin Rt = 60.23 Y = 12407x + 1294.8 0.9993 
Apigenin Rt = 70.15 Y = 11704x + 1256.1 0.9998 
All chromatography operations were carried out at ambient temperature and in triplicates. 
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mixture. The absorbance was then determined 
after 5, 10 and 20 min following ascorbic acid 
addition. This is because the extracts could be 
oxidizing Fe2+ to Fe3+, leading to a decrease 
in absorbance that was not related to Fe2+ che-
lation. Schedule for the evaluation of Fe2+ 
chelation or oxidation by the extracts is pre-
sented in Table 2.  
Thiobarbituric acid reactive substances 
(TBARS) assay 
TBARS production was determined as de-
scribed by Ohkawa et al. (1979) and modified 
by Barbosa-Filho et al. (2014). The rats were 
killed by decapitation and the whole brain and 
liver were rapidly removed, weighed and 
placed on ice. The tissues were immediately 
homogenized in cold 10mM Tris-HCl, pH 7.4 
(1:10 w/v for the liver and 1:5 w/v for the 
brain) and centrifuged at 3600 rpm for 
10 min. The pellet was discarded and the su-
pernatant was used for the assay. Aliquots of 
homogenates of brain or liver (20 µL) were 
incubated with 10 µM FeSO4, in the presence 
or absence of extracts (1-480 µg/mL) at 37 °C 
for 1 h to induce lipid peroxidation. Subse-
quently, 40 µL of sodium dodecyl sulfate 
(8.1 %), 100mL of acetic acid/HCl (pH 3.4) 
and 100 µL of 0.6 % thiobarbituric acid 
(TBA) were added and the reaction mixture 
was incubated at 100 °C for 1 h. After cool-
ing, the samples were centrifuged for 2 min at 
6000 rpm and the absorbance of the superna-
tant was read at 532 nm using an ELISA mi-
croplate reader (SpectraMax, USA). This 
work was performed in accordance with the 
guidelines of the Ethics Committee of the 
Federal University of Santa Maria (UFSM) 
and approved by the Ethics Committee of 
UFSM (076.2012-2). 
Blood sample collection and preparation of 
human leukocytes and erythrocytes 
The heparinized venous blood was ob-
tained from healthy volunteer donors from the 
Hospital of the Federal University of Santa 
Maria (HUFSM), Santa Maria-RS, Brazil, 
(age 26 ± 9). The study was approved by the 
Ethics Committee of UFSM and registered 
under the protocol number 0089.0.243.000-
07. Human leukocytes and erythrocytes were 
obtained as previously described (Kamdem et 
al., 2013; Barbosa-Filho et al., 2014). The leu-
kocytes were separated by differential sedi-
mentation rate using 5 % dextran and subse-
quent adjustment of samples 2 x 106 leuko-
cytes/mL with Hank’s buffered saline solu-
tion (HBSS)/heparin (5.4 mM KCl, 0.3 mM 
Na2HPO4, 0.4 mM KH2PO4, 4.2 mM Na-
HCO3, 1.3 mM CaCl2, 0.5 mM MgCl2, 
0.6 mM MgSO4, 137 mM NaCl, 10 mM D-
glucose and 10 mM Tris-HCl, heparin 15 IU/ 
mL, adjusted to pH 7.4). The blood samples 
were centrifuged at 2000 rpm for 5 min at 
room temperature to obtain the erythrocytes. 
The plasma was aspirated and the cell pellet 
was washed three times with phosphate buff-
ered saline (6.1 mM, pH 7.4, containing 
150 mM NaCl). 
 
 
Table 2: Schedule of evaluation of oxidation or chelation of Fe2+/Fe3+ by plant extracts 
Time  Sequence of addition Reading at 510 nm
0 min Extract (1-60 µg/mL) - 
FeSO4 (110 µM) 
10 min Orthophenanthroline (0.25 %) - 
10 min Immediately after mixing with  
orthophenanthroline 
First reading (0 min) 
20 min - Second reading (10 min) 
30 min - Third reading ( 20 min) 
30 min Ascorbic acid (AA, final  
concentration, 5 mM) 
- 
35 min - First reading after AA (25 min) 
40 min - Second reading after AA (30 min) 
50 min - Third reading after AA (40 min) 
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Determination of osmotic fragility in  
erythrocytes 
The effect of ethanolic and aqueous ex-
tracts from the leaves of L. montevidensis on 
the osmotic fragility of human erythrocytes 
was estimated by measuring their resistance 
to hemolysis in increasing concentrations of 
salt solutions as described by Godal and 
Heistø (1981) adapted by Barbosa-Filho et al. 
(2014). Five hundred microliters (500 µL) of 
erythrocytes, 100 µL of various concentra-
tions of aqueous and ethanolic extracts (1-
480 µg/mL) and 900 mL of phosphate buff-
ered saline (PBS) (6.1 mM, pH 7.4, contain-
ing 150 mM NaCl) were pre-incubated for 3 h 
at 37 °C. After incubation, the samples were 
mixed and centrifuged at 2500 rpm for 10 min 
and the supernatant was discarded. The eryth-
rocytes were washed twice with PBS, centri-
fuged at 2500 rpm for 2 min and the superna-
tant discarded. Treated and untreated erythro-
cytes (7.5 µL) were then incubated with 
1.5 mL of various concentrations of NaCl (0 
to 0.9 %), pH 7.4 for 20 min. The samples 
were homogenized and centrifuged at 
2000 rpm for 5 min. The obtained supernatant 
from each Eppendorf was transferred to mi-
croplate and the lysis of erythrocytes was fol-
lowed by measuring the absorbance of the he-
moglobin content in the supernatant at 
540 nm using microplate reader (SpectraMax, 
USA). The results were expressed as percent-
age of control. 
Evaluation of genotoxicity by the Comet  
assay 
The potential genotoxic effect of the ex-
tracts was investigated according to the meth-
ods described by Collins (2014) with some 
modifications. Leukocytes were isolated as 
described above and treated with various con-
centrations of aqueous and alcoholic extracts 
of L. montevidensis (1-480 µg/mL) for 3 
hours. The comet assay was performed ac-
cording to the following steps: (1) 15 µL of 
leukocyte suspension (2 x 106 leukocytes/mL) 
was mixed with low-melting agarose and 
then, (2) added to 90 ml 0.75 % LMP agarose 
(w/v), mixed, and placed on a slide pre-coated 
with normal melting point agarose (1 % w/v), 
(3) a coverslip was added and the samples al-
lowed to solidify at 4 °C, (4) coverslips were 
removed and slides were placed in a lysis so-
lution (2.5M NaCl; 100 mM EDTA, 8 mM 
Tris-HCl, 1 % Triton X -100 pH 10-10.5), for 
24 hours under protection from light; (5) after 
lysis, the slides were placed in a bucket con-
taining neutralizing solution (400 mM Tris-
HCl, pH 7.5) for 15 min; (6) then, they were 
incubated in electrophoresis solution 
(300 mM NaOH, 1 mM EDTA, pH 13.5) for 
20 min at 4 °C under the condition of 25 V, 
300 mA, 7W; (7) the slides were washed three 
times in distilled water and allowed to dry at 
room temperature; (8) slides were rehydrated 
for 3 minutes in distilled water, fixed for 10 
min in 15 % trichloroacetic acid, 5 % zinc sul-
fate and 5 % glycerol, and then washed three 
times in distilled water and allowed to dry at 
room temperature; (9) the slides were stained 
with 5 % sodium carbonate, 0.1 % ammo-
nium nitrate, 0.1 % silver nitrate, 0.25 % 
tungstosilicic acid and 0.15 % formaldehyde; 
(10) staining was stopped with 1 % acetic acid 
and sheets air dried; (11) finally, the slides 
were visualized and scored according to the 
tail length into five classes (from class 0: no 
damage, no tail; to class 4: maximum damage, 
comet without heads) under blind conditions 
for at least two individuals. DNA damage was 
expressed as DNA damage index (DI), which 
is based on the length of the migration. The 
DI was calculated from the cells in different 
damage classes as follows: DI = 1n1 + 2n2 + 
3n3 + 4n4, where n1-n4 denotes the number 
of cells with the level 1-4 of damage. Methyl 
methanesulfonate (MMS) (20 µM) was used 
as positive control while distilled water was 
used as negative control.  
Cytotoxicity evaluation by Trypan blue dye 
exclusion assay 
The potential cytotoxic effects of the ex-
tracts were performed using a modified 
method of Smith et al. (2007). Briefly, 2.5 mL 
of the extracts (1-480 µg/mL) was added to 
497.5 mL of leukocytes suspension and incu-
bated in the presence or absence of hydrogen 
peroxide (2 mM) + azide (1 mM) at 37 °C for 
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3 hours. 50 µL of treated leukocytes was 
mixed with 50 µL of 0.4 % Trypan blue and 
allowed to stand for 5 min at room tempera-
ture. From the mixture, an aliquot of 10 µL 
was checked microscopically for viability us-
ing a hemocytometer. Viability was expressed 
as the percentage of viable cells among the to-
tal cells. 
 
Statistical analysis 
Results are expressed as mean ± standard 
error of mean (SEM). One or two-way analy-
sis of variance (ANOVA) followed by Bon-
ferroni post-test were used where appropri-
ated, to assess the differences between the 
groups. P < 0.05 was considered statistically 
significant.  
 
RESULTS 
Chemical constituents of ethanolic and 
aqueous extracts from the leaves of  
L. montevidensis by HPLC  
Phenolic acids and flavonoids determined 
in the ethanolic (Figure 1A) and aqueous 
(Figure 1B) extracts of the leaves of L. mon-
tevidensis are depicted in Figure 1. Both ex-
tracts revealed the presence of gallic acid (Rt 
= 10.05 min, peak 1), catechin (Rt = 15.72 
min, peak 2), chlorogenic acid (Rt = 22.46 
min, peak 3), caffeic acid (Rt = 25.13 min, 
peak 4), ellagic acid (Rt = 32.09 min, peak 5), 
rutin (Rt = 39.87 min, peak 6), quercitrin (Rt 
= 44.76 min, peak 7), isoquercitrin (Rt = 45.61 
min, peak 8), quercetin (Rt = 49.97 min, peak 
9), kaempferol (Rt = 55.02 min, peak 10), lu-
teolin (Rt = 60.23 min, peak 11) and apigenin 
(Rt = 70.15 min, peak 12).  
The quantitative analysis of these constit-
uents indicate that chlorogenic acid (8.59 ± 
0.01 mg/g) and quercetin (6.03 ± 0.01 mg/g) 
were the major constituents found in the 
EtOH extract, while catechin (0.48 ± 0.03 
mg/g) and kaempferol (1.57 ± 0.02 mg/g) 
were less abundant (Table 3). Similarly, caf-
feic acid (6.25 ± 0.01 mg/g) and chlorogenic 
acid (6.17 ± 0.03 mg/g) were the major con-
stituents found in the aqueous extract, while, 
apigenic (0.86 ± 0.01 mg/g) and quercitrin 
(0.71 ± 0.01 mg/g) were the minor constitu-
ents (Table 3). 
 
 
 
Figure 1: Phenolics and flavonoids constituents of ethanolic (A) and aqueous (B) extracts from the 
leaves of L. montevidensis by high performance liquid chromatography (HPLC). Gallic acid (peak 1), 
catechin (peak 2), chlorogenic acid (peak 3), caffeic acid (peak 4), ellagic acid (peak 5), rutin (peak 6), 
quercitrin (peak 7), isoquercitrin (peak 8), quercetin (peak 9), kaempferol (peak 10), luteolin (peak 11) 
and apigenin (peak 12). The retention time of each compound is shown in Table 1. 
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Table 3: Quantitative analysis of phenolics and flavonoids from the ethanolic and aqueous extracts of 
L. montevidensis leaves 
Compounds  Ethanolic  Aqueous   LOQ LOD 
mg/g  mg/g   g/mL g/mL 
Gallic acid  5.61 ± 0.02 a  2.83 ± 0.01 a   0.015 0.053 
Catechin  0.48 ± 0.03 b  1.59 ± 0.01 b   0.026 0.084 
Chlorogenic acid  8.59 ± 0.01 c  6.17 ± 0.03 c   0.009 0.031 
Caffeic acid  4.73 ± 0.02 d  6.25 ± 0.01 c   0.018 0.059 
Ellagic acid  1.62 ± 0.01 e  2.73 ± 0.02 a   0.013 0.049 
Rutin  5.78 ± 0.01 a  2.68 ± 0.01 a   0.032 0.105 
Quercitrin  5.16 ± 0.02 ad  0.71 ± 0.01 d   0.007 0.023 
Isoquercitrin  2.81 ± 0.03 f  4.05 ± 0.03 e   0.025 0.079 
Quercetin  6.03 ± 0.01 g  2.59 ± 0.02 a   0.010 0.034 
Kaempferol  1.57 ± 0.02 e  0.83 ± 0.01 d   0.023 0.064 
Luteolin  2.96 ± 0.01 f  2.70 ± 0.01 a   0.017 0.053 
Apigenin  2.08 ± 0.01 h  0.86 ± 0.01 d   0.011 0.037 
Results are expressed as mean ± S.E.M of three determinations. Averages followed by different letters 
in the same column are significantly different by Tukey’s test (p < 0.05). LOD-limit of detection, LOQ-
limit of quantification. 
 
 
 
Antioxidant activity  
DPPH free radical scavenging ability 
The effect of EtOH and aqueous extracts 
from the leaves of L. montevidensis on DPPH 
reduction is presented in Table 4. Both ex-
tracts and the ascorbic acid used as reference, 
showed antioxidant activity against DPPH 
radical scavenging in a concentration- de-
pendent manner. At the lowest concentration 
tested (1 µg/mL), the radical scavenging po-
tential of the aqueous extract (24.20 ± 2.32 %) 
was more pronounced, even than that of 
ascorbic acid (9.55 ± 2.01 %). Based on the 
IC50 values, the ability to scavenge the DPPH 
free radical of the aqueous extract was two 
times higher than that of EtOH extract (108.2 
± 3.46 vs. 290.5 ± 1.97 µg/mL). However, 
ascorbic acid exhibited the highest DPPH free 
radical scavenging, with IC50 of 37.05 ± 
1.69 µg/mL (Table 4). 
Iron chelation or oxidizing effect of  
L. montevidensis leaf extracts 
In this assay, the rate of the reduction in 
the absorbance of the orange complex formed 
by Fe2+ and orthophenanthroline allows esti-
mation of a co-existent chelator. As it can be 
seen in Figure 2A and 2B, EtOH (1-60 µg/ 
mL) and aqueous extracts (1-60 µg/mL) 
caused a decrease in the absorbance at 510 nm 
compared with Fe2+. In order to investigate 
whether the reduction in the absorbance in the 
presence of extracts was attributed to Fe2+ 
chelation or oxidation, ascorbic acid (AA) 
was added to the reaction medium after 
20 min of incubation of Fe2+ with the extracts 
and orthophenanthroline. Addition of ascor-
bic acid caused only a modest increase in the 
absorbance at 510 nm and this was more ap-
parent for the aqueous extract (Figure 2B). 
The most plausible interpretation of these re-
sults is that the extracts can chelate Fe2+ and 
accelerate the oxidation of Fe2+ to Fe3+. How-
ever, this Fe3+ was only partially or not re-
leased from the complex; because otherwise 
ascorbic acid should have reduced Fe3+ to 
Fe2+, resulting to the formation of the com-
plex between Fe2+ and orthophenanthroline. 
But, this occurred only to a limited extent. 
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Table 4: Percentage inhibition of DPPH radical by EtOH and aqueous extracts from the leaves of  
L. montevidensis  
Concentration 
(µg/mL) 
EtOH extract Aqueous extract Ascorbic acid 
1 7.48 ± 0.73 24.20 ± 2.32 9.55 ± 2.01 
10 - - 23.35 ± 0.34 
30 11.84 ± 1.15 36.46 ± 1.85 38.64 ± 0.38 
50 - - 57.93 ± 1.77 
60 19.19 ± 1.90 47.86 ± 5.65 - 
100 - - 73.64 ± 0.47 
120 23.88 ± 1.22 54.12 ± 5.3 - 
240 41.92 ± 2.79 62.46 ± 4.65 - 
400 - - 89.81 ± 0.71 
480 82.35 ± 0.88 73.21 ± 2.12 - 
IC50 (µg/mL) 290.5 ± 1.97c 108.2 ± 3.46b 37.05 ± 1.69a
Results are expressed as mean ± SEM (n = 4). Different letters on the IC50 values indicate significant 
difference when comparing one sample to another. 
 
 
 
Figure 2: Oxidation of Fe2+ by EtOH (A) and aqueous (B) extracts from the leaves of L. montevidensis. 
The extracts (1-60 µg/mL) were incubated with FeSO4 (110 µM) for 10 min. Then, ortophenanthroline 
was added and the absorbance of the reaction mixture was measured at 0, 10 and 20 min following its 
addition. After the last reading (at 20 min), 5 mM ascorbic acid (AA) was added to the reaction mixture, 
and the absorbance was read again after 5 min (at 25 min), 10 min (at 30 min) and 20 min (at 40 min) 
(see Table 1 for details). Values represent the mean ± SEM of 3 independent experiments performed in 
duplicate.
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Effect of L. montevidensis leaf extracts on  
lipid peroxidation (LPO) induced by iron in 
rat brain and liver homogenates 
In the rat brain homogenate, the potential 
of EtOH (Figure 3A) and aqueous (Figure 3B) 
extracts to inhibit LPO was assessed by the 
amount of MDA produced. Both extracts 
caused a significant reduction in the amount 
of MDA produced when compared to the ba-
sal (p < 0.05; Figure 3A and 3B). The basal 
inhibition with the EtOH extract was effective 
at 240 µg/mL where its maximum effect was 
attained (Figure 3A). Whereas, inhibition by 
the aqueous extract occurred at concentra-
tions of 120 and 240 µg/mL (Figure 3B). 
There was a significant increase in the amount 
of MDA in Fe2+ (10 µM)-induced LPO when 
compared with the basal, in rat brain homog-
enate (Figure 3A and 2B; p < 0.05). EtOH ex-
tract (60-480 µg/mL) was effective to protect 
against LPO induced by Fe2+ in brain homog-
enate (Figure 3A) when compared to iron 
alone. The same effect was observed in a con-
centration-dependent manner with the aque-
ous extract (120-480 µg/mL) (Figure 3B).  
 
Figure 3: Inhibitory potential of EtOH and aqueous extracts from the leaves of L. montevidensis on Fe2+-
induced lipid peroxidation in rat brain (A and B) homogenates. The results are expressed as mean ± 
SEM of n = 3 independent experiment performed in duplicate. *p < 0. 05 against basal; and # p < 0.05 
vs. Fe2+.  
EXCLI Journal 2017;16:566-582 – ISSN 1611-2156 
Received: January 21, 2017, accepted: April 10, 2017, published: April 21, 2017 
 
 
576 
 
Figure 3 (cont.): Inhibitory potential of EtOH and aqueous extracts from the leaves of L. montevidensis 
on Fe2+-induced lipid peroxidation in liver (C and D) homogenates. The results are expressed as mean 
± SEM of n = 3 independent experiment performed in duplicate. *p < 0. 05 against basal; and # p < 0.05 
vs. Fe2+.  
 
 
The capacity of EtOH and aqueous ex-
tracts from the leaves of L. montevidensis to 
inhibit Fe2+-induced lipid peroxidation was 
also investigated in rat liver homogenate. The 
brain and liver were used because they have 
distinct enzymes that can interact with the 
components of the extracts and possibly 
change their antioxidant activities (De Freitas 
and Rocha, 2011).  
As shown in Figure 3C and Figure 3D re-
spectively, EtOH (30-480 µg/mL) and aque-
ous (60-480 µg/mL) extracts caused a signif-
icant reduction in the amount of MDA pro-
duced under basal condition, when compared 
with the basal (p < 0.05). As expected, Fe2+ 
(10 µM) significantly induced LPO in the rat 
liver homogenate, which was evidenced by 
the amount of MDA produced (Figure 3C and 
3D). Treatment with both extracts protected 
against iron induced LPO in a concentration 
dependent manner (Figure 3C and 3D). But, 
the reduction in MDA produced was statisti-
cally significant only at concentrations of 240 
and 480 µg/mL for both extracts (Figure 3C 
and 3D).  
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Cytotoxicity and anti-cytotoxic effects of  
L. montevidensis leaf extracts 
The potential cytotoxic effect of EtOH 
and aqueous extracts from the leaves of L. 
montevidensis was investigated in human leu-
kocytes as well as their capacity to protect 
against H2O2 cytotoxicity. As it can be ob-
served in Figure 4, EtOH (Figure 4A) and 
aqueous (Figure 4B) extracts alone, caused a 
significant decrease in the cell viability at the 
higher concentrations tested (240-480 µg/ 
mL) when compared with the control (p < 
0.05).  
We also investigated whether these ex-
tracts could protect against the exogenous ox-
idative stressor, H2O2 (2 mM). As expected, 
there was a significant decrease of cell viabil-
ity (~ 41.43 %) of leukocytes treated with 
H2O2 when compared with the control (p < 
0.05, Figure 4C and 4D). Co-treatment with 
EtOH (Figure 4C) or aqueous (Figure 4D) ex-
tracts did not change H2O2 cytotoxicity (p > 
0.05). 
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Figure 4: Effect of ethanolic and aqueous extracts 
from the leaves of L. montevidensis on human 
leukocytes in the absence (A and B) and presence 
(C and D) of H2O2. The results are expressed as 
percentage of control. Each column represents 
the mean ± SEM of four independent experi-
ments. *p < 0.05 against control, ns-not significant 
 
Genotoxicity effect of L. montevidensis leaf 
extracts 
Figure 5 shows that incubation of human 
leukocytes with EtOH (Figure 5A) or aqueous 
(Figure 5B) extracts at all the concentrations 
tested did not have any effect on DNA dam-
age, when compared to the control (p > 0.05). 
However, methyl methanesulfonate (MMS) 
used as positive control, dramatically in-
creased the DNA damage index compared 
with the control (p < 0.05), suggesting a pos-
sible induction of DNA single-strand breaks. 
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Figure 5: Evaluation of genotoxicity effects of ethanolic (A) and aqueous (B) extracts from the leaves 
of L. montevidensis by the Comet assay. MMS-methyl methanesulfonate. Results are mean ± SEM of 
three independent experiments. *p < 0.05 against control 
 
 
Effect of ethanolic and aqueous extracts on 
erythrocytes osmotic fragility 
Figure 6 shows that there was a complete 
hemolysis (100 %) in the control group con-
taining 0 % NaCl (i.e., distilled water). Treat-
ment of human erythrocytes with EtOH (Fig-
ure 6A) or aqueous (Figure 6B) extracts (1-
480 µg/mL) did not modify the percentage of 
erythrocyte fragility (p > 0.05) at different salt 
concentrations (0-0.9 %), when compared 
with their respective controls. 
 
DISCUSSION 
Lantana montevidensis leaf extracts have 
been used in traditional Brazilian medicine to 
treat various ailments including tumor and ul-
cer, in which free radicals have been impli-
cated in their etiology (Demir et al., 2003). 
Although L. montevidensis has been used for 
the same purpose as L. camara, there are how-
ever, very limited studies on its pharmacolog-
ical activities as well as its safety. In this con-
text, this study aimed at investigating the an-
tioxidant capacity of L. montevidensis using 
various assays’ systems, and its toxicity in hu-
man leukocytes and erythrocytes. 
In biological system, antioxidants are ex-
tremely important due to their direct removal 
of pro-oxidants in order to ensure maximum 
protection for biological sites (Pisoschi and 
Pop, 2015; Kamdem et al., 2016; Hassan et 
al., 2017). Iron(II) is a potent pro-oxidant that 
has been found to be increased in many neu-
rodegenerative disorders associated with oxi-
dative stress, including Parkinson’s and Alz-
heimer’s diseases (Zecca et al., 2008; Becer-
ril-Ortega et al., 2014). Indeed, Fe2+ has been 
extensively used in vitro to access the antiox-
idant potential of chemicals or plant extracts, 
since it can induce oxidative stress via the 
generation of ROS (Harris et al., 1992). In the 
current study, Fe2+ caused a significant in-
crease in the amount of malondialdehyde 
(MDA), one of the most abundant by-prod-
ucts of lipid peroxidation (LPO) generated via 
radical-initiated oxidative decomposition of 
polyunsaturated fatty acid (Singh, 2015). In-
terestingly, EtOH and aqueous extracts from 
the leaves of L. montevidensis efficiently in-
hibited Fe2+-induced LPO in rat brain and 
liver homogenates. These results suggest that 
the components of both extracts may have in-
teracted with free radicals or chelated free 
iron, thereby, rendering it unavailable for the 
Fenton process. Our results are in agreement 
with that of Sousa et al. (2015) who showed 
that leaf and root extracts of L. montevidensis 
inhibit Fe2+-induced LPO in egg phospholip-
ids. 
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Figure 6: Osmotic fragility of erythrocytes treated with EtOH (A) and aqueous (B) extracts from the 
leaves of L. montevidensis. Hemolysis was expressed in percentage of the positive control (Triton-100). 
Treated erythrocytes were added to various concentrations of NaCl (0–0.9 %) and incubated for 20 min 
and the absorbance of the supernatants were measured at 540 nm. The bars represent the means of n 
= 3 independent experiments performed in duplicate. 
 
 
 
The biological activity of transition met-
als such as iron is associated with the presence 
of unpaired electrons that favour their partici-
pation in redox reaction (Repetto et al., 2010). 
For instance, they can participate in the initi-
ation step of LPO, DNA assault and oxidative 
stress through metal-catalyzed reactions (Ait-
ken, 2014; Hassan et al., 2017). Here, we have 
investigated the Fe2+-chelating ability of 
EtOH and aqueous extracts of L. monteviden-
sis. The results demonstrated that both ex-
tracts did not chelate Fe2+, suggesting that 
their antioxidant capacity observed against 
LPO seems to be associated with direct action 
with free radicals and not Fe2+ chelation.  
The free radical scavenging activity of 
EtOH and aqueous extracts was evaluated by 
the DPPH assay. In this assay, the purple 
color of the DPPH is changed to the yellow 
color in the presence of hydrogen donating 
antioxidant. Thus, the more yellowish color of 
DPPH observed, the greater is the antioxidant 
activity of the tested compound/extract. Both 
extracts caused a concentration-dependent re-
duction in the color of DPPH radical, suggest-
ing their hydrogen donating ability. However, 
the aqueous extract exhibited a higher DPPH 
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radical scavenging activity than the EtOH ex-
tract. The difference in this activity may be 
explained by the ability of the aqueous extract 
to quickly donate hydrogen atoms to the 
DPPH radical than the EtOH extract. It has 
been postulated that molecules that can do-
nate hydrogen atoms to damaged molecules 
can be considered as repair compounds (Ko-
hen and Nyska, 2002). Thus, it is possible to 
extrapolate that the donation of hydrogen at-
oms by EtOH and aqueous extracts to fatty 
acid radical which was previously attacked by 
a radical (and lost its hydrogen) in the Fe2+-
induced LPO, has contributed to limit the 
damages or inhibit LPO. 
The exceptional growth of human expo-
sure to natural products particularly from 
plants origin has led to the resurgence of the 
scientific interest in their biological activities, 
with emphasis on their toxicological evalua-
tions in order to ascertain their safety 
(Kamdem et al., 2013; Barbosa-Filho et al., 
2014; Waczuk et al., 2015; Duarte et al., 
2016). Substantial evidences from literatures 
reveal that plants used in traditional medicine 
or as food can have mutagenic, cytotoxic and 
genotoxic effects in vitro and in vivo (Zink 
and Chaffin, 1998; Celik, 2012). Here, the ef-
fect of EtOH and aqueous extracts of L. mon-
tevidensis on DNA of human leukocytes was 
evaluated by the comet assay, which is re-
garded as a valuable biomarker of genotoxi-
city (Matić et al., 2013). We found that both 
extracts (1-480 µg/mL) did not have geno-
toxic effect in relation to the control. How-
ever, at the higher concentrations tested (240-
480 µg/mL), they showed a slight cytotoxic 
effect. Although we have not identified the 
constituent(s) responsible for the cytotoxic ef-
fect, some of the compounds identified in-
cludes rutin, quercetin and kaempferol, and 
these have been shown to have toxic effects at 
relatively high concentrations (Soares et al., 
2006). Consequently, it is possible to presume 
that the DNA damage evaluated by the Comet 
assay can occur in parallel or not with the tox-
icity detected as decreased survival (by Try-
pan blue). Despite the fact that it is difficult to 
translate the in vitro results obtained here to a 
real in vivo situation, our findings suggest that 
caution should be taken regarding the dosage 
and the frequency use of L. montevidensis in 
the traditional medicine. 
Exposure of human erythrocytes to phyto-
therapeutic products can influence erythro-
cyte membrane integrity making the cells 
more fragile and labile to damage (Mpiana et 
al., 2010). In the present study, osmotic fra-
gility was used as a useful cytotoxic indicator 
to evaluate the interactions of L. monteviden-
sis extracts with the cell membrane in vitro. 
However, L. montevidensis extracts did not 
have any effect on the osmotic fragility of 
erythrocytes, suggesting that the antioxidant 
defense system of the erythrocytes may have 
contributed to protect the cell membranes.  
The chemical composition of L. montevi-
densis extracts showed the presence of poly-
phenolic compounds (phenolic acids and fla-
vonoids). Their long-term consumption has 
been shown to be associated with reduced risk 
of cardiovascular diseases, neurodegenerative 
diseases, cancer and diabetes among others in 
epidemiological studies (Lall et al., 2015). 
Therefore, the action of these phytochemicals 
alone or synergistically could be responsible 
for radical scavenging activity and the pre-
vention of LPO observed in this study. 
 
CONCLUSIONS 
Overall, the present study investigated for 
the first time, the toxicity of ethanolic and 
aqueous extracts from the leaves of L. mon-
tevidensis in human cells, and their antioxi-
dant activity in various assay systems. Expo-
sure of human leukocytes to higher concen-
trations of both extracts (240-480 µg/mL) 
caused cytotoxicity, without any sign of DNA 
damage, indicating that caution should be 
taken regarding the dosage and frequent use 
of L. montevidensis in traditional medicine. 
However, treatment of human erythrocytes 
with both extracts (1-480 µg/mL) did not have 
any effect on erythrocyte membranes. The 
ethanolic and aqueous extracts exhibited 
strong antioxidant activity as evidenced by 
their DPPH radical scavenging activity and 
their efficacy to inhibit lipid peroxidation in 
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rat brain and liver homogenates. These effects 
can be attributed to the presence of bioactive 
phytochemicals found in L. montevidensis, 
and may therefore justify its pharmacological 
use in folk medicine. 
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